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INTRODUCTION
This study provides new evidence on the relation between earnings announcements and abnormal returns. This study follows the study done by Doyle et al. (2006) who document a stock price drift following the earnings announcement that can be exploited in portfolio construction, by defining the earnings surprises as the difference between actual EPS and analyst forecast EPS in I/B/E/S database. They discuss the impact of earnings announcements on total returns by regressing the post-earnings announcement effects on earnings surprises, accounting accruals, market microstructure variables and other risk control variables. They also find a way to construct portfolios to implement the earnings surprises. Combining with previous work by Doyle et al. (2006) this study incorporates the following post earnings announcements factors:
First, the regression considers the effect of announcement timing, including whether the announcement is published in a transaction day and whether it is published at a transaction time. Second, this study investigates the interaction between surprises and company characteristics, such as size and growth. Third, this study studies not only the total returns, but also the residual returns from Fama-French 3-factor model. Finally, in portfolio construction part, rather than directly exploiting the surprises and accruals in the existing literature, this study proposes a portfolio construction strategy hedged against beta, size and growth effects. After hedging, the strategy
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LITERATURE REVIEW
The event study methodologies are well developed. Events studied by researchers range from internal announcements, such as announcements of financial reports and release of new products, to external announcements, such as regulatory changes and the entry of a large competitor. Sorescu et al. (2017) the cumulative abnormal return (CAR), buy-and-hold abnormal return (BHAR) and Jensen's alpha are the commonly used abnormal measures in event study (Kothari and Warner, 2007) .
CAR method is the most popular in short-term event study (Brown and Warner, 1980; Brown and Warner, 1985; Mackinlay, 1997) . In long-term abnormal return measures, BHAR (Buy and Hold Abnormal Return) and Jensen's alpha are widely researched. BHAR is the average multi-year return from a strategy of investing in all firms that complete the event and selling at the end of a pre-specified holding period versus a comparable strategy using otherwise similar non-event firms. In Jensen's alpha method, a portfolio is constructed comprising all firms experiencing the event within a time window, and Jensen's alpha is calculated to measure the impact of the event.
In recent papers about long-term abnormal returns, Fama-Macbeth regression of long-term returns (1-3 years) on earnings surprises and other control variables is conducted to see the quantitative relationship between longterm returns and earnings surprises (Doyle et al., 2006) . They find that the returns subsequent to earnings announcements that are much larger, persistent for much longer, and more heavily concentrated in the long portion of the hedge portfolio than shown in previous studies. They show that after controlling for risk and accounting anomalies, the results are positive for every quarter between 1988 and 2000.
In addition, researchers find the growth firms have more reaction to earnings surprises than value firms, and the growth firms have more reactions on good news than on bad news. Skinner and Sloan (2002) these return differential arises because investors initially have overly optimistic expectations about the future earnings' prospects of growth stocks, leading to subsequent price declines when these expectations are not met (Lakonishok et al., 1994) .
Many scholars have discussed the factors that influence the impact of earnings announcements on the stock prices. Some market microstructure variables (such as Bid-Ask Spread, Depth, Trade Size, Number of Trades, Stock Price, Percent Held by Institutions, Number of Funds, Percentage Change in the Number of Institutions, or Number of Analysts) around the announcement date show the impact on long-term return (Doyle et al., 2006) . The timeliness of earnings announcement has an influence on returns (Givoly and Palmon, 1982; Chambers and Penman, 1984; Damodaran, 1989) . Dellavigna and Pollet (2009) argue that the stock prices respond less to Friday earnings surprises than to non-Friday earnings surprises immediately, in the event window (0,1). However, in a subsequent period, post-event window (2,75), stock prices respond more to Friday earnings surprises.
The account accruals also play a great role in the research on earnings. Hodgson and Van Praag (2014) argue that corporate insider trading based on accruals provides incremental information about future economic returns in Australia. Momente et al. (2015) suggest a stronger negative relation between accruals and future firm performance, and they explain accounting accruals as a systematic risk factor.
The researchers find that non-linearity in the relation between returns and earnings. Hayn (1995); Freeman and Tse (1992) argue that the coefficient on the earnings surprises from the regression of abnormal returns is nonlinear and asymmetric. They argue that the permanent component of earnings surprises (as a percentage of total earnings surprises) increases as unexpected earnings approach zero because analysts and investors forecast highvalue permanent earnings more accurately than low-value transitory earnings. This possibility allows us to predict that the marginal price response to earnings surprises should approach a composite price-earnings ratio as the earnings surprise approaches zero. They use arc tan function to model this phenomenon that slope increases as unexpected earnings surprise diminishes down to zero. Ederington et al. (2015) find heteroscedasticity in event study of bonds, and develop a new approach to deal with heteroscedasticity by standardization of bond yields.
METHODOLOGY
This study explores the post-earnings announcement drift where the surprises are measured by the difference between I/B/E/S analyst consensus analyst forecasts and the actual earnings. Total returns for one, two and three years after the earnings announcements are regressed to earnings surprises. Then this study controls the risks (beta, size, growth, and momentum), accounting accruals and announcement timing to check whether the result holds the same. The interaction between earnings surprises and asset size\market-to-book ratio is also added to the regression. This study adopts abnormal returns from Fama-French 3-factor model instead of total return into the regression to check the robustness of the result. Finally, this study explains the reason for special U shape of the relationship between the returns and surprises.
The dependent variable of the regression is earnings surprises defined as the I/B/E/S actual EPS minus most recent I/B/E/S median EPS forecast, scaled by the closing stock price in the quarter. Because the I/B/E/S quarter summary database is quite messy, this study cleans the I/B/E/S data by removing the data records in which the forecast period is after the announcement date or the CUSIP code is invalid.
The regression of total returns on earnings surprises and other risk factors are in Fama-Macbeth style, in which all the covariates are in terms of deciles. In other words, all independent variable in the regression, are taken into deciles and scaled into a number between zero and one. The advantage of Fama-Macbeth regression is that it smooths the data and coefficient estimate directly show the hedging profit from longing the top decile surprises portfolio and shorting the bottom decile surprises portfolio. However, sorting firms by deciles may suffer from a look-ahead bias because, at the earnings announcement date, we do not know the other firms' EPS. To avoid this bias, this study uses the cutoff values from period t-1 to define the earnings surprises deciles, and the results are same as the standard procedure.
(1)
Rit is the total return of firm one year, two years or three years after the announcement. The surprise is measured by actual I/B/E/S EPS minus most recent I/B/E/S median forecast, scaled by stock price. Beta, Size, and BtoM are CAPM Beta, asset size, and book-to-market ratio respectively. Furthermore, other factors, including accounting accruals, announcement timing, change in volume and momentum, are controlled to see the quantitative relationship between long-term returns and earnings surprises. In addition, the interactions between earnings surprises and asset size\book-to-market ratio are investigated.
(2)
In this equation, Transaction-day is a dummy to show whether the announcement is on the transaction day, and Transaction-hour is a dummy to show whether the announcement is in trading hours, which are from 9:00 to 16:30. Momentum is measured by market-adjusted return one quarter prior to the announcement. Δvolume is the percentage volume change of three days around the announcement against three days prior. Accruals are measured in a change of current asset less the cash divided by current liability less the interest-bearing debt inside. Accruals are very good estimates of net income quality. All the variables above are in terms of deciles as in the first regression.
This study also runs a robustness check for the argument. The residual returns from Fama-French 3-factor model are adopted instead of total return, and the result is robust in this change.
(3) (4) is the market return at time t, and is the risk-free rate. , and are factors of market premium, size premium, and value premium. This study notes the sum of residuals as residual return .
During this process, the Fama-French 3-factor model is implemented, which regresses the return premium to market premium, size premium and value premium. The residual returns are calculated by the arithmetic sum of residual regardless of compounding. The reason that why this study does not adopt abnormal returns as BHAR in (5) with compounding is that this would accumulate errors in expected returns and make abnormal returns unrealistic large. When BHAR is used, normally benchmark is calculated by a portfolio's return with the similar beta, size effect and value effect.
After this, this study attempts to form implementable portfolios by surprises deciles and other factors. During the process, we will find that the relation between surprises and the returns is non-linear to some degree. There is convexity in the relation, which is revealed as U-shape in the plots. This study investigates this phenomenon by examining three fundamental risk factors, beta, size effect and value effect, in different surprises portfolios.
DATA SAMPLE
The 2008-2016 daily stock price data is obtained from CRPS database, combined with the data of market premium, SMB and HML from the Fama-French daily database (Kenneth R. French Data Library). The size, bookto-market ratio, and accounting accruals are calculated from quarterly corporate fundamental data in Compustat, and the actual EPS and EPS analysts' forecast are obtained from I/B/E/S. All the records are merged by 8-digit CUSIP expect Compustat need to be converted from 9-digit CUSIP to 8-digit CUSIP. In addition, two dummy variables, Transaction-day and Transaction-time, are constructed from I/B/E/S database. Transaction-day indicates whether the earnings announcement published in a transaction day (1=yes, 0=no), and Transaction-time shows whether the earnings announcement published at a transaction time in a transaction day (1=yes, 0=no). I/B/E/S forecast EPS minus I/B/E/S actual EPS, scaled by stock price. R1, R2, and R3 are respectively the total returns of the firm, beginning one day after the earning announcements and extending one year, two years and three years into futures. Residual R1 is the one-year cumulative residual returns, in which the residuals are calculated from Fama-French 3-factor model. The market premium, SML, and HML in Fama-French 3-factor model are obtained from Kenneth R. French Data Library. The Size variable is the total asset from COMPUSTAT, and the BtoM is short for Book-to-Market Ratio, which is the book value of assets minus book value of liabilities, divided by the close price of the quarter times the total outstanding common shares. Beta1, Beta2, and Beta3 are three factors in Fama-French 3-factor model. Transaction-day is a dummy to show whether the announcement is on the transaction day, and Transaction-hour is a dummy to show whether the announcement is in trading hours, which are from 9:00 to 16:30. Mom is the Momentum measured by market-adjusted return one quarter prior to the announcement. Dvol is the percentage volume change of three days around the announcement against three days prior. Accruals are measured in a change of current asset less the cash divided by current liability less the interestbearing debt inside.
The returns are positive for one year and increasingly positive for two years and three years ahead; the medians are increasingly positive too. The one-year residual returns are less than one-year return on average, but they are more volatile than one-year returns. The median surprise is near zero that means the firms met the forecasts in the sample period. Although the mean of surprises is slightly negative, the distribution of surprises is almost symmetric when considering the first and third quartile. The size of the firm is largely positively skewed; the accruals are relatively symmetric. In Table 2 , all the independent variables are not highly correlated, which rules out the possibility of multicollinearity.
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The following regressions are using the procedure of decile ranking (Fama and MacBeth, 1973) and robust variance to control for heteroskedasticity (Huber, 1967; White, 1980; White, 1982) . The surprise, beta, size and book-to-market variables are assigned to a portfolio numbered from 0 to 9 based on the cutoff between deciles from the previous quarter. The portfolio number is then divided by nine to yield a variable that lies between 0 and 1. The robust standard deviation is reported in the regression. In Table 3 , the risk proxies, beta, size, and book-to-market are significant to the returns for one year, two years and three years. The beta and size are positively correlated to future returns, while the size is negatively correlated to future returns, which is consistent with Fama French's view. The coefficients on surprises are significantly 0.2540, 0.2154 and 0.2580 for one, two and three years.
Consistent with Doyle et al. (2006) the earnings announcement surprises have a longer impact than people's imagination. In Table 4 , two-digit SIC of companies is obtained from COMPUSTAT, and the sector name for each SIC is obtained from United States Department of Labor. The first and third columns are the percentages of firms in each sector inside first and last surprise deciles respectively. The second column is the percentages of firms in each sector of the total sample. Table 4 illustrates that the distribution of extreme surprise portfolios is stable across different industries. To be noticed, the announcements in chemicals and allied products industry are concentrated in the first surprises decile, which means chemicals and allied products did a relatively good job in the sample. In contrast, the depository institutions announced more bad news in the sample, probably because of the impact of GFC to banks in the US. The robust standard deviations are in parentheses. *, ** and *** show the 10%, 5% and 1% significance. Columns (3), (4), (6) and (8) Main regressions are shown in Table 5 . Under different conditions, the coefficients on surprises deciles are significantly positive and increase across the investment horizon. We can see GFC, represented by the fourth quarter of 2008, drives the slope upward a little bit. The interaction of size and surprises is significantly negative, which is consistent with the idea that large firms have a lower impact of earnings surprises. However, to my surprise, the interaction between surprises and the book-to-market ratio is not significant in contrast to Skinner and Sloan (2002) . Accounting accruals are significantly negative, and this coincides with the income quality measure role of accruals. The high accruals mean the firm overdraws the future income, which does harm to the stock price.
The dummy variables transaction-day and transaction-hour do not keep significant across all conditions. However, in some situations, it still shows that publishing EPS on transaction hours and publishing on transaction days will do good impact on future returns, which coincide with the idea that off-trade announcement benefits the short-term returns, but harms the long-term returns. Dellavigna and Pollet (2009) the change in volume around the announcement date is not significantly correlated with returns.
To examine the dummy variables, transaction day and transaction time, Figure 1 shows that the distribution of surprises given the dummy variables. In Column 1, we can see that the distribution of surprises in non-transaction days is more negatively skewed with more negative mean than in transaction days. The situation is similar in transaction times. In other words, in the non-transaction day or at the non-transaction time, firms tend to announce the worse news. But the result in Table 5 shows that these techniques that firms put the bad news announcement into non-trading time or day do not help mitigate the negative impact of news too much because the coefficients on transaction day and transaction time in Table 5 are not significant across all regressions.
Transaction Day Transaction Hour 0 For the robustness, one-year residual returns from Fama-French 3-factor model replace the total return in Table 6 . Because Fama-French model has already taken the beta effect, size effect and growth effect into consideration, this study does not consider these effects again in the regression. In the first row, earnings surprises are significant. The size interaction and momentum are significant as same as last regression. However, to my surprise, the growth interaction becomes significantly positive, which means the value firms react more to the oneyear residual return. The accruals seem to be insignificant in the regression of residual returns, but after control of fixed effect and first-order autocorrelation (Baltagi and Wu, 1999 ) the coefficient becomes significant under 10% level again. The coefficients of transaction day and transaction time are insignificant, which double checks the argument that the techniques that firms put the bad news announcement into non-trading time or day do not help mitigate the negative impact of news too much. The robust standard deviations are in parentheses. *, ** and *** show the 10%, 5% and 1% significance. Columns (2) shows the regression excluding the third quarter of 2008. Columns (3) shows the regression with fixed effect and AR(1).
PORTFOLIO CONSTRUCTION
In this section, we attempt to form an easily implementable portfolio construction method to yield the impact of surprises. After conducting trial and error procedure by constructing portfolios of significant variables, this study uses two variables, surprises variable, and accruals variable, to form portfolios. According to the previous study, these two variables are two of the most robust factors to post-earnings announcements drift.
First, this study attempts to construct portfolio without hedging the risk, and only focus on total returns.
Owing to the high impact of accruals on returns, this study combines accruals deciles with surprises deciles.
However, we will soon find out that this portfolio performance is highly contingent upon the risk factors rather than the surprises effect. In the second step, this study adopts residual returns to hedge the beta, size and growth factors.
In Panel A and B of Figure 2 , the one-year and two-year total returns are plotted against deciles of surprises and accruals. To my surprise, the surface is U-shape rather than a slope, which implies "no news means bad news."
However, if we inspect relation of residual returns, surprises and accruals in the Panel C, U-shape disappears, which shows that after hedging the risks surprises and accruals have a smoother impact on returns. To explain why there are U-shape surfaces in the Panel A and Panel B, a plot of risks factors in different surprises portfolios are checked in Figure 3 . This non-linearity is consistent with previous literature (Freeman and Tse, 1992; Hayn, 1995; Skinner and Sloan, 2002) . portfolios. The beta plot has an M-shaped surface, the size plot has a V-shaped surface and book-to-market plot has a saddle shape. The variation in four panels explains why we require risk control in our portfolio construction.
The surprises portfolios and surprises-accruals combined portfolios have a high deviation in risks. Therefore, it
is not proper to form a portfolio without considering the risk. The residual returns can be considered to be the hedged returns without the risk of beta, size, and growth. In practice, the way to get residual returns is shortselling a diversified portfolio with the same beta, size, and growth as the unhedged portfolio.
In Table 7 , the high residual returns concentrate in the upper part of the last column, while the lowest residual returns concentrate in lower part of the first column. The strategy is to long the lower half accruals-top surprises portfolio and short the higher half accruals-bottom surprises portfolio, and hedge the risks (beta, size, and growth).
The hedged return is 50.03% per year without the impact of beta, size, and growth.
In order to exploit the earnings surprises and accruals in the real world, implementability factors should be concerned. Implementability factors include unavoidable factors (price pressure and short sales) and avoidable factors (maximum stake size, maximum portfolio weight constraint and minimum price constraint). For example, price impact adjustments, 5% block holding constraints (Investors holding more than 5% suffer from stricter regulation Section 2(a) of the Investment Company Act of 1940), and avoidance of securities with large expected price impacts have large negative effects on portfolio returns for most strategies. To implement this strategy in the real world, more study should be done before taking it into the market. The dark color shows the highest residual returns and the light color shows the lowest returns. The hedged portfolio is constructed by longing the stocks framed by the up left the bold box and shorting the ones framed in the downright bold box.
CONCLUSION
An earnings surprise is the difference between the reported earnings and the expected earnings of an entity.
Stock markets tend to react in the same direction as earnings surprises-positively to positive earnings surprises and negatively to negative earnings surprises. This study investigates the earnings surprises drift in recent years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) with two main targets: The first one is to describe the relationship between returns and the surprises together with the interaction of size, growth, momentum, accounting accruals, and timing. The second target is to develop an implementable-hedged portfolio to exploit the post-earnings announcement drift.
